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NITRATE IN RUNOFF AND RIVER WATERS IN
FINLAND IN THE 1960’S AND 1970’S
Lea Kauppi
KAUPPI, L. 1984. Nitrate in runoff and river waters in Finland in the 1960’s
and 1970’s. Publications of the Water Research Institute, National Board of
Waters, Finland, No. 57.
Nitrate concentrations and their changes in runoff waters from 31 small
hydrological basins and in 19 rivers were studied. Average concentrations
varied from 21 to 1800 pg 1—1 in runoff waters and from 53 to 2100 pg 1—1 in
rivers. In general, the concentrations were well below the drinking water stan
dards. Agriculture was an important contributor to the nitrogen budget of
the basins. Atmospheric deposition played a minor role, except that it might
have caused the differences inN03-concentrations observed between southern
and northern non-cultivated areas. Nitrate concentrations increased statisti
cally significantly in 15 small hydrological basins during the period 1966—
1980. Most of the increases were observed in basins influenced by agriculture.
The use of nitrogenous fertilizers increased strongly until 1976, but not
subsequently. Trends were therefore also calculated separately for the periods
1966—1975 and 1976—1980. It was found that most of the increases during
the period 1966—1980 occurred in fact during the first 10 years, indicating
that the use of fertilizers was ah important contributor to N03-concentra-
tions in waters. Nitrate concentrations increased during the monitoring
period in only one river, the river Kymijoki. The absence of trends in rivers
may he due to the short observation period, which started in most cases in the
middle of the 1970’s.
Index words: Nitrate, runoff, rivers, agriculture, fertilizers, atmospheric
deposition.
1. INTRODUCTION
High nitrate concentrations in drinking water can
have detrimental health effects, especially on small
children (methemoglobinemia) but also on adults
when nitrosoamines are formed. The latter com
pounds are known to be potentially carcinogenic.
The World Health Organization has set the
drinking water standards for Europe (WHO 1970).
According to these standards, nitrate concentra
tions should preferably be below 50 mg L NO3
(11.3 mg l’N), but concentrations of up to 100
mg l (22.6 mgl1N) are acceptable.
During recent years nitrate concentrations ex
ceeding the lower limit set by the WHO have been
observed in groundwaters and to some extent also
in surface waters in different countries (Zwirnmann
1982). In many cases high nitrate concentrations
have been observed to he connected with agricul
tural practices, in particular with high fertilization
rates (Hili and McCague 1974, Golubev 1980;
Hollis 1983, Novak and Kubat 1983, Young et al.
1983, Zwirnmann 1981 and 1982).
In the Netherlands the average nitrate concentra
tion in shallow groundwaters is as high as 28 mg
l1N for sandy soils with a mean yearly application
of 150 kg N per ha in the form of chemical ferti
lizer (Rijtema 1982). In the Federal Republic of
Germany 6.6 % of the population has access to
water which exceeds the limit of 11.3 mg 1’N (de
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Haen 1982). In Poland the nitrate concentration in
drainage waters from crop fields has been found to
vary from 3 to 17 mg 1N (Roman 1982). In the
United Kingdom river nitrate concentrations in
the Thames region have increased continuousiy, so
that they intermittently exceed the lower limit set
by the WHO (Biake 1982).
In Finland the recommended maximum nitrate
concentration is 30 mg 1—1 (6.8 mg i— N) and the
highest permissibie concentration is 50 mg 1’N03
(11.3 mg L1N) (National Board of Health 1983).
Generally the nitrate level in groundwaters is well
below these standards. However, high concentra
tions have been observed in certain regions, es
pecially in highly permeabie soiis (Yrjänä 1983). In
formation concerning nitrate concentrations in
surface waters is rather sparse.
There are two majcff data bases concerning
nitrate concentrations in surface waters in Finland:
monthly observations in small hydrological basins
since 1962 and monthiy or quarterly observations
in the rivers discharging to the Baltic Sea in the
1970’s. The aim of this study was to survey nitrate
concentrations in running waters in Finland and
the possibie changes in concentration with time
using the two data bases referred to above. The
contributions of different nitrate sources are also
discussed.
2. MATERIALS AND METHODS
Thirty-one small hydroiogicai basins (Fig. 1) were
inciuded in this study. They were ali rural basins,
i.e. nutrient loading in these basins comes from
nonpoint sources. Runoff water sampies were taken
from the overfiow of the measuring weir once a
month in 1962—1977 and 5 times a year in 1978—
1980. Due to some uncertainties in chemical ana
lyses in the beginning of the monitoring period
only the results since 1966 were included in this
study.
In the 1970’s the monitoring network of the
rivers discharging to the Baltic Sea consisted of 19
rivers (Fig. 1). Water sampies were taken at a depth
of 1 m in the middie of the river. The sampling
frequency varied from once a month to 4 times a
year depending on the river. In most rivers the
monitoring• started in 1972—1975. The exact
monitoring period for each river is given in the
resuits section.
In the eariy phases of the monitoring period
(1966—1973) nitrate was anaiysed by the sodium
salisylate method and later (1974—1980) by the
manual cadmiumamalgame method (Erkomaa et
al. 1977). Ail the results are expressed as pgi1N.
The data were stored in the water quality data
register of the National Board of Waters. The
means, standard deviations and trends of nitrate
concentratlons were calculated for each observa
tion station separately.
3. RESULTS AND DISCUSSION
3.1 Smail hydrologicai basins
The average nitrate nitrogen concentrations in
differerit basins varied from 21 to 1800 pg 1—1
(Table 1). Thus they were cieariy lower than those
found for exampie in Poland and in the United
Kingdom. The maximum concentrations observed
were in almost ali cases below the recommended
drinking water standard, 11.3 mg i1N. The only
basin in which rather high nitrate concentrations
were found was number 12, Ali-Knuutila in south
ernmost Finland. The maximum concentrations in
that basin were as high as 22000 pg h’ and the
mean concentration was also the highest, 1800 pg
L1. The area of the basin is only 24.6. ha, of which
about one half is cultivated. The fieids are situated
just above the measuring weir and the fiitration
effect therefore remains rather smail.
In general, southern basins had higher nitrate
concentrations than northern ones. This reflects
several different factors, such as the higher propor
tion of agricultural land use and the higher nitrate
deposition from the atmosphere in the south. In
the foliowing the contributions of these two
factors are discussed.
Agriculturai land use was reflected quite ciearly
in the nitrate concentrations. The correlation of
the mean nitrate concentration and the percentage
of agricultural land use was strong: r O.85’ (df
29) for ali the basins. Division of the data into
two groups, southern basins and the others, im
proved the correiation stiil further: for southern
basins r 0.89 and for others r 0.93’ (Fig.
2). The main nitrate input due to agricuiture is the
use of chemicai fertilizers. The amount of ferti
lizers used was on average 65 kg N per hectare of
cultivated land in 1966—1980 (Kemira 1982).
Compared to that figure the concentrations found
in runoff waters do not represent a very great
agricuiturai loss. Taking the concentration from
the regression equation for southern Finland and
using 300 mm a1 as an average runoff gives a loss
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Rivers
1 Virojoki
II Kymijoki
III Porvoonjoki
IV Vantaanjoki
V Uskelanjoki
VI Paimionjoki
VII Aurajoki
VIII Kokemäenjoki
IX Karvianjoki
X Isojoki
XI Kyrönjoki
XII Lapuanjoki
XIII Lestijoki
XIV Kalajoki
XV Pyhäjoki
XVI Siikajoki
XVII Oulujoki
XVIII Iijoki
XIX Kemijoki
Area (km2)
12 Ali-Knuutila 0.246
13 Yli-Knuutila 0.068
14 Teeressuonoja 0.688
15 Kylmänoja 4.04
21 Löytäneenoja 5.64
22 Savijoki 17.0
31 Paunulanpuro 1.50
32 Siukolanpuro 1.86
33 Katajaluoma 11.2
42 Ravijoki 56.9
43 Latosuonoja 5.34
44 Huhtisuonoja 5.03
51 Kesselinpuro 21.7
52 Kuokkalanoja 2.76
53 Mustapuro 11.2
71 Ruunapuro 5.39
72 Heinäjoki 9.40
81 Haapajyrä 6.09
83 Kaidesluoma 45.5
84 Norrskogsdiket 11.6
85 Sulvanjoki 26.8
91 Tuuraoja 23.5
92 Tujuoja 20.6
93 Pahkaoja 23.3
101 Huopakinoja 19.7
102 Vääräjoki 19.3
103 Myllypuro 9.86
111 Kuusivaaranpuro 27.6
113 Korintteenoja 6.13
114 Vähä-Askanjoki 16.4
116 Myllyoja 28.5
Fig. 1. Observation stations of the study.
Small drainage basins
3 408401737k
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Table 1. Mean nitrate nitrogen concentrations (, pg 1—1 N) and their standard deviations (s) in the runoff waters of
the small hydrological basins.
Basin Agricultural Observation Number of N03—N concentration
land use (%) period observa- (pg l1)
tions s
12 Ali-Knuutila 48 1968—80 90 1800 3200
13 Yli-Knuutila 0 1968—80 95 530 910
14 Teeressuonoja 0 1966—80 155 280 170
15 Kylmänoja 27 1966—80 153 760 1000
21 Löytäneenoja 67 1966—80 127 1400 1200
22 Savijoki 39 1971—80 98 1300 990
31 Paunulanpuro 1 1966—80 153 110 170
32 Siukolanpuro 7 1966—80 153 420 340
33 Katajaluoma 3 1966—77 140 100 100
42 Ravijoki 17 1966—78 135 370 410
43 Latosuonoja 19 1966—80 146 240 280
44 Huhtisuonoja 0 1966—80 142 69 58
51 Kesselinpuro 4 1966—80 149 74 83
52 Kuokkalanoja 21 1966—80 137 280 310
53 Mustapuro 15 1966—80 138 220 440
71 Ruunapuro 22 1966—79 152 270 320
72 Heinäjoki 8 1966—79 158 67 68
81 Haapajyrä 58 1966—80 133 1100 1100
83 Kaidesluoma 13 1966—80 154 120 170
84 Norrskogsdiket 34 1966—80 154 440 460
85 Sulvanjoki 23 1966—80 155 540 610
91 Tuuraoja 16 1966—81 138 110 100
92 Tujuoja 12 1966—78 138 140 120
93 Pahkaoja 2 1966—78 130 76 100
101 Huopakinoja 17 1966—80 141 99 100
102 Vääräjoki 0 1966—78 149 25 37
103 Myllypuro 2 1966—80 132 21 35
111 Kuusivaaranpuro 2 1966—80 111 92 70
113 Korintteenoja 2 1966—80 104 80 87
114 Vähä-Askanjoki 0 1966—79 106 71 80
116 Myllyoja 1 1966—80 109 50 66
of 7.5 kg ha from cultivated land. Of that about
0.5 kg is the background load. The remaining 7 kg jg
ha is equal to 11 % of the fertilizers spread. This
estimate is of the same order of magnitude as that
calculated for two southern basins earlier on the
basis of total nitrogen concentrations (Kauppi
1979). Nitrate is the most important form of
nitrogen when considering the losses from agricul- °
tural fields, but a significant amount of nitrogen
can also be lost as organic N.
The amounts of nitrate deposited from the 2
atmosphere are rather small compared to the -
amount of nitrogen spread as fertilizers. In 1971— -
1974 the annual nitrate deposition varied from 3.5 Z
kg ha1 in the southernmost part of the country to
less than 1 kg ha’ in the north (Järvinen and Haa-
- -
pala 1980). This implies that even in southern
Finland as little as 5—6 per cent of cultivated land
in a drainage basin contributes as much to the
nitrogen budget of that basin as does atrnospheric
deposition. In many southern regions the propor
0 1020 30 40 50 60 70 80% 100
Percentage of cuttivated• [and
Fig. 2. The relation between the mean nitrate concen
tration in runoff water and the percentage of agricultural
Iand in the basin. 0 southern basins (12—44) 0 othcrs
(5 1—116).
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tion of agricultural area is much higher, 20 per cent
or more of the whole catchment (National Board
of Waters 1976).
In forested areas, however, atmospheric deposi
tion is the most important source of nitrate. The
great regional differences observed in deposition
values are also reflected in runoff water concentra
tions. In the north the nitrate concentrations in
forested areas are 20—90 pg 1—1 and in the south
110—530 pg —1 The difference in the nitrate
input should also be reflected in forest production.
The discussion above was based on the mean
concentrations during the whole observation
period. Trend calculations also revealed some
changes during that 15-year period. In fifteen
basins the concentrations increased statistically
significantly (Table 2). In some of these areas the
concentration less than doubled, while in others it
became 5—7 times higher than at the beginning of
the observation period. The absolute increase as pg
1—1 was greater with higher proportions of agricul
tural land use in the basin. During the observation
period (1966—1980) the use of nitrogen fertilizers
more than doubled. In 1966 the amount of N used
per hectare of cultivated land was 34.8 kg and in
1981 it was 82.4 kg (Fig. 3). The maximum, 85.8 kg
ha1, was however recorded in 1975. Between the
years 1966 and 1975 the increase was on average
16.3 per cent annually, while from 1975 to 1977
fertilizer use decreased by 12% annually and did
not again reach the maximum of 1975 during the
observation period.
On the basis of the information concerning the
use of fertilizers it was of interest to study changes
in runoff water nitrate concentrations separately
during the periods 1966—1975 and 1976—1980.
The differences in the length of the observation
periods must, of course, be remembered when
interpreting the trends.
The same number (15) of statistically significant
Table 2. Statistically significant ( 95 % prob.) trends in nitrate concentrations in small hydrological basins during the
periods 1966—80, 1966—75 and 1976—80.
Whole period 1 part II part
Basin 1966—80 1966—75 1976—80
r n r n r n
12 AIi-Knuutila 0.241» 90 0.097 69 —0.305 23
13 Yli-Knuutila 0.003 95 —0.116 72 0.487» 24
14 Teeressuonoja 0.229»» 155 0.007 119 0.039 38
15 Kylmänoja 0.251»» 153 0.186» 117 0.140 38
21 Löytäneenoja 0.141 127 0.276»» 87 0.136 47
22 Savijoki 0.052 98 0.143 51 —0.214» 55
31 Paunulanpuro 0.204»» 153 0.274»» 116 0.310 38
32 Siukolanpuro 0.228»» 153 0.258»» 116 0.225 38
33 Katajaluoma 0.391»»» 140 0.256»» 117 —0.460» 23
42 Ravijoki 0.235»» 135 0.287»» 108 0.005 27
43 Latosuonoja 0.254»» 146 0.193 111 0.363» 37
44 Huhtisuonoja —0.100 142 —0.139 111 0.159 38
51 Kesselinpuro 0.017 149 0.110 124 —0.288 25
52 Kuokkalanoja 0.097 137 0.212» 133 0.014 24
53 Mustapuro 0.008 138 0.112 114 —0.146 24
71 Ruunapuro 0.315»»» 152 0.312»»» 118 0.300 38
72 Heinäjoki 0.436»»» 158 0.341»»» 119 0.110 44
81 Haapajyrä 0.285»»» 133 0.306»» 99 0.218 38
83 Kaidesluoma 0.272»»» 154 0.269»» 112 —0.162 42
84 Norrskogsdiket 0.327»»» 154 0.326»»» 112 0.377» 44
85 Sulvanjoki 0.211»» 155 0.286»» 113 0.086 44
91 Tuuraoja 0.046 138 0.196» 110 0.043 27
92 Tujuoja 0.143 138 0.338»»» 111 —0.419» 28
93 Pahkaoja —0.086 130 0.115 101 —0.339 29
101 Huopakinoja 0.146 141 0.046 108 0.021 35
102 Vääräjoki —0.009 149 —0.098 121 —0.377» 28
103 Myllypuro 0.264»» 132 0.077 99 0.171 32
111 Kuusivaaranpuro —0.260»» 111 —0.401»»» 90 —0.084 23
113 Korintteenoja —0 298 104 —0 481 88 —0 304 18
114 Vähä-Askanjoki —0.424»»» 106 —0.560»»» 87 0.269 19
116 Myllyoja —0.403»»» 109 —0.406»»» 89 0.066 22
* 95 % prob. statistically significant
** 99 % prob. statistically significant
99.9 % prob. statistically significant
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increasing trends was found in 1966—1975 as in
1966—1980, while during the iast part of the obser
vation period (1976—1980) only 3 increasing trends
were found (Table 2). Most (11) of the increasing
trends found in the first part occurred in the same
basins as those calculated for the whole period.
The remaining 4 trends in 1966—1975 were ali
found in basins in which more than 10 % of the
total area was under cultivation. Two of the in
creases observed in 1976—1980 were in the same
basins as those for which increases were recorded
during the whole period and the third was in the
forested basin Yli-Knuutila in southernmost Fin
land.
Ali the increasing trends were observed in
southern and centrai Finland, while in northern
Finland the only trends were decreasing. Agricul
ture accounts for only a very small proportion of
the land use (0—2%) in the northern basins. In
such cases atmospheric deposition is a major factor
90
kg hcf
80
determining the nitrate input of the basin. In the
north the increase in deposition was obviously
slight due to the very long distances from emission
sources. In the south the deposition increase was
more apparent. The rate of 3—4 per cent annually
found in Sweden in the 1970’s (Swedish Ministry of
Agriculture, Environment 82 Committee 1982) can
also be assumed for southern Finland. This might
explain the increasing trends in runoff water con
centrations found in some southern forested
basins.
On the other hand the four decreasing trends
observed in northern basins in 1966—1980 are
most probably an artefact, i.e. a result of improved
analytical methods. The method used in the
beginning of the observation period overestimated
the lowest concentrations, which were most
frequently found in northern basins.
The decreasing trends for the first period 1966—
1975 were observed in the same basins as those
showing a decrease during the whole observation
period, i.e. the four northernmost basins. This
gives support to the hypothesis concerning the
effect of improved analytical methods, because the
improverpent occurred mainly during the first part
of the observation period.
During the last five years three decreasing trends
were observed, but the basins were not the same as
in the former calculations. One was the Savijoki
basin, 40 per cent of which is intensively cultivated,
one the Tujuoja basin where an increasing trend
was found in 1966—1975 and the third was the
totally forested basin Vääräoja in northern Finland.
The first two decreasing trends might be due to
the decreased use of fertilizers, but no explanation
is apparent for the third trend.
On the basis of the information presented above
it seems reasonable to conclude that nitrate con
centrations in runoff waters from totally or partiy
agricultural basins reflect the use of fertilizers. The
great majority of the increasing trends recorded
during the whole observation period was in fact
formed during the first part of the period, 1966—
1975, when the use of fertilizers also increased.
3.2 Rivers
Nitrate concentrations in rivers were of the same
order of magnitude - as those found - in -runoff
waters. The -mean concentrations varied from 53 to
2100 pg 11. In general there was a south-north
gradient in average nitrate concentrations in the
rivers included in this study (Table 3). Many of the
rivers were highly loaded by sewage (Porvoonjoki,
70
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Fig. 3. The use ofN fertilizers in Finland in 1965—1982.
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Table 3. Mean nitrate concentrations (, pg 1 N), their standard deviations (s) and trends in some Finnish rivers.
River Observation Number of N03—N concentration Trend
period observations
— (pg [-1) r
x 5
1 Virojoki 1974—80 49 310 300 —0.085
II Kymijoki 1972—80 101 130 90 0.304°°
III Porvoonjoki 1975—81 71 2100 950 0.046
IV Vantaanjoki 1974—81 81 1400 620 0.040
V Uskelanjoki 1976—81 46 1100 950 —0.049
VI Paimionjoki 1974—81 69 1700 1200 —0.106
VII Aurajoki 1972—81 103 1200 860 —0.079
VIII Kokemaenjoki 1973—81 96 460 400 —0.196
IX Karvianjoki 1975—81 59 330 160 0.124
X Isojoki 1975—81 66 300 200 0.124
XI Kyrönjoki 1972—81 107 760 370 —0.031
XII Lapuanjoki 1975—81 50 350 160 0.032
XIII Lestijoki 1975—81 60 230 110 0.206
XIV Kalajoki 1974—8 1 63 440 650 0.065
XV Pyhäjoki 1974—81 97 180 110 0.108
XVI Siikajoki 1970—81 162 150 73 0.109
XVII Oulujoki 1973—81 107 74 87 —0.064
XVIII lijoki 1975—81 98 53 55 0.133
XIX Kemijoki 1973—81 52 73 62 —0.228
° 95 % prob. statistlcally significant
°° 99 % prob. statistlcally significant
°°° 99.9 °7c prob. statistically significant
Vantaanjoki), agriculture (Porvoonjoki, Uskelanjo
ki, Paimionjoki, Aurajoki, Kyrönjoki) and indus
trial effluents (Kokernäenjoki, Kymijoki). In the
case of nitrate, sewage and agriculture had a clear
contribution while industrial effluents did not.
Laaksonen (1970) also found that the percentage of
cultivated land was the best predictor of total nitro
gen concentration in running-water stations.
The only statistically significant trend was found
in Kymijoki (r = 0.30°, y 0.87x + 18). On the
other hand the observation periods were almost
ten years shorter than in the srnall hydrological
basins. As it was found in the case of the drainage
basins that nitrate concentrations mainly increased
in the period 1966—1975, it can be concluded that
if nitrate concentrations in agriculturally loaded
rivers have increased during the last twenty years,
the increase must have aiready taken place before
the monitoring started.
Laaksonen and Malm (1980) studied changes in
total nitrogen concentrations in Finnish lakes and
rivers during the period 1968—1977. They found
- 29 increasing and 9 decreasing trends in river sta
tions. In the lakes, calculations revealed 31 increas
ing and 2 decreasing total nitrogen trends. The in
creasing trends were found mainly in the eastern
part of the country and on the western coast.
4. SUMMARY
High nitrate concentrations have become a prob
lem in ground waters and to some extent also in
surface waters in many countries during the last
two decades. In Finland high concentrations have
also been recorded in ground waters in some inten
sively cultivated areas. In this connection it is of
interest to survey nitrate concentrations in surface
waters.
The data consisted of monthly observations in
31 small hydrological research basins iii 1966—1977
and less frequent observations in 1978—1980 (5
sampleslyear), as well as monthly or less frequent
(4 samples/year) observations in 19 rivers in the
1970’s.
Average nitrate concentrations varied by almost
two orders of magnitude both in runoff waters
(21—1800 pg 1—1) and in rivers (53—2100 pg
reflecting mainly differences in land use and sewage
loading. In small hydrological basins where no sig
nificant sewage loading exists, a -strong correlation
between the- mean nitrate concentration -and the
percentage of cultivated land in the basin was
found, r 0.85***. In addition to differences due
to land use, regional variation was also observed: in
southern Finland the concentrations in non-culti
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vated areas were higher than in the northern non
cultivated areas. This may reflect higher atmos
pheric deposition taking place in the south.
Compared to many other European countries
high nitrate concentrations in surface and ground
waters are not yet a serious probiem in Finland.
However, nitrate concentrations increased statisti
cally significantly in fifteen small hydrological
basins in 1966—1980. The increase was most appar
ent in basins in which agriculture is an important
form of land use. During the same period (1966—
1980) the use of fertilizers more than doubled. The
increase in fertilizer use occurred before 1976. The
maximum amount of fertilizers used per hectare
was recorded in 1975, being 85.8 kg ha’, while
from 1975 to 1977 the use decreased by 24 % and
did not again reach the maximum of 1975 during
the observation period of this study.
Because of this trend in fertilizer use it was of
interest to study the changes in nitrate concentra
tions in runoff waters in more detail. The data was
divided into two groups, 1966—1975 and 1976—
1980. Trends were calculated for both periods
separately. It was found that the increasing trends
found during the whole period 1966—1980 were in
fact formed during the first part of the period. It
was concluded that in Finland, as in other coun
tries, nitrate concentrations in runoff water from
basins under agricultural influence reflect the use
of fertilizers.
The increasing trends were observed in southern
basins, while in the north only decreasing trends
were found. The northern basins are non-cultivated
and nitrate concentrations are very low. It seems
likely that the decreasing trends reflect improved
analytical techniques, i.e. the oider methods
overestimated the lowest concentrations, which are
most frequently found in northern Finland.
In rivers the only statistically significant trend
was found in Kymijoki, in which the nitrate con
centration increased in the 1970’s. The observa
tions in river stations were not started until the
middle of the 1970’s. It is therefore possible that
the increase in nitrate concentrations due to in
creased use of fertilizers had aiready occurred
before the monitoring started.
The contribution of agriculture to the nitrogen
budget of the basin is equal to that of atmospheric
deposition when the proportion of cultivated land
in the basin reaches 5—6 per cent. This implies
that especially in southern - Finland, where agricul
- ture often comprises more than 20 per cent -of the
total area of the catchment, the significance of
atmospheric deposition for the watercourses is
minor. However, the difference between southern
and northern Finland in nitrogen deposition may
be reflected in forest growth.
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LOPPUTIIVISTELMÄ
Lea Kauppi
Parin viime vuosikymmenen aikana erityisesti poh
javesien, mutta jossain määrin myös pintavesien
korkeat nitraattipitoisuudet ovat muodostuneet
ongelmaksi monissa maissa. Myös Suomessa kor
keita pohjavesien nitraattipitoisuuksia on havaittu
eräillä voimakkaasti viljellyillä alueilla. Pintavesissä
ei kovin korkeita pitoisuuksia ole toistaiseksi ra
portoitu.
Vesihallituksen pienillä hydrologisilla valuma
alueilla nitraattipitoisuutta on seurattu vuodesta
1962 lähtien. Itämereen laskevien jokien nitraatti
pitoisuuden seuranta aloitettiin 1970-luvun puoli
välissä. Tässä tutkimuksessa tarkasteltiin nitraatti
pitoisuuksia ja niiden muutoksia 31 pienellä valu
ma-alueella ja 19 jokiasemalla vuosina 1966—1980.
Nitraattipitoisuudet vaihtelivat suuresti havain
topaikasta riippuen. Pienillä valuma-alueilla keski-
arvo vaihteli välillä 21—1800 pg l ja joissa 53—
2100 pg 1. Vaihtelu oli yhteydessä maatalouden ja
asumajätevesien aiheuttamaan kuormitukseen. Pie
nillä valuma-alueilla, joilla ei jätevesikuormitusta
ole, nitraattipitoisuus korreloi vahvasti alueen pel
toprosentin kanssa, r = 0.85’’ (df = 29). Se, että
korrelaatio oli vielä vahvempi laskettuna erikseen
Etelä-Suomen alueille ja muille, heijastanee nitraat
tilaskeumissa havaittuja eroja. Tämä voidaan pää
tellä luonnontilaisten alueiden välisistä eroista: ete
läisillä metsäalueilla valumavesien nitraattipitoi
suudet olivat korkeampia kuin pohjoisessa.
Jokien nitraattipitoisuus oli yhteydessä jäteve
sien ja maatalouden aiheuttamaan kuormitukseen.
Sen sijaan teollisuusjätevesikuormituksen vaikutus
oli vähäinen.
Trendilaskelmien mukaan valumavesien nitraat
tipitoisuus nousi tilastollisesti merkitsevästi 15
- pienellä valuma-alueella -vuosina - 1966—1980. Ky
seisillä alueilla maatalouden vaikutus oli yleensä
huomattava. Koska kemiallisten lannoitteiden käyt
tö on tärkein nitraattilähde maataloudessa, oli mie
lenkiintoista tarkastella sen kehitystä saman aika
jakson aikana.
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Vuosien 1966 ja 1980 välisenä aikana lannoittei
den käyttö peltohehtaaria kohti yli kaksinkertais
tui. Huippu saavutettiin vuonna 1975, jolloin typ
pilannoitteita käytettiin koko maassa keskimäärin
85,6 kg pelto-ha’. Tämän jälkeen lannoitteiden
käyttö väheni parin vuoden ajan, eikä vielä vuoteen
1980 mennessä saavuttanut vuoden 1975 tasoa.
Jotta voitiin tarkemmin saada selville valumave
sien nitraattipitoisuuksien muutosten mahdollinen
yhteys lannoitteiden käyttöön, laskettiin pitoisuus
trendit erikseen jaksolle 1966—1975, jolloin lan
noitteiden käyttö lisääntyi voimakkaasti, sekä jak
solle 1976—1980, jolloin käyttömäärät pysyivät
samana tai jopa vähenivät. Tällöin havaittiin, että
koko havaintojakson (1966—1980) aikana ilmennyt
nitraattipitoisuuksien kohoaminen oli itse asiassa
tapahtunut jo alkujakson 1966—1975 aikana. Lop
puaikana nitraattipitQisuus nousi vain 3 alueella.
Tästä voidaan päätellä, että lannoitteiden käytöllä
on vaikutusta valumavesien nitraattipitoisuuksiin.
Tämä on sinänsä luonnollista, koska nitraatti ei si
toudu esimerkiksi maahiukkasiin. Se osa nitraatis
ta, jota kasvit eivät käytä hyväkseen, huuhtoutuu
helposti pohja- ja pintavesiin.
Ne muutamat laskevat trendit, jotka valuma
alueilla havaittiin, olivat yleensä metsäisillä alueilla.
Todellisuudessa pitoisuuksien laskua ei liene tapah
tunut, vaan tulos johtunee analyysitekniikan kehi
tyksestä. Havaintojakson alkuaikoina menetelmät
antoivat liian suuria arvoja kaikkein alhaisimmilla
pitoisuuksilla.
Jokien kohdalla ainoa tilastollisesti merkitsevä
nitraattipitoisuuden muutos oli Kymijoessa havait
tu pitoisuuden nousu. Se, että muutoksia havaittiin
näin vähän verrattuna pieniin valuma-alueisiin, joh
tunee suurelta osin havaintojakson lyhyydestä.
1970-luvun puolivälin jälkeen, johon suurin osa jo
kihavainnoista sijoittuu, ei pienillä valuma-alueilla
kaan enää havaittu monia pitoisuusmuutoksia. Mi
käli jokien nitraattipitoisuudet viimeisen parin
kymmenen vuoden aikana ovat nousseet, se on ta
pahtunut jo ennen havainnoinnin aloittamista.
Verrattaessa kahden hajakuormituslähteen, maa
talouden ja ilmakehästä tulevan laskeuman, osuutta
tietyn alueen typpitaseesta, havaitaan, että nykyisil
lä lannoitteiden käyttömäärillä jo 5—6 % valuma
alueen pinta-alasta ollessa viljelyksessä lannoitteena
tullut typpimäärä vastaa koko alueelle tullutta typ
pilaskeumaa. Useimmilla Etelä- ja Keski-Suomen
vesistöalueilla viljelysmaan osuus on vielä huomat
tavasti suurempi, jolloin laskeuman osuus koko
typpituonnista jää vähäiseksi. Sen sijaan metsien
kannalta typpilaskeumalla on merkitystä. Voidaan
olettaa, että eteläisen Suomen selvästi pohjoista
korkeammat laskeuma-arvot heijastuvat myös met
sien kasvussa.
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